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ABSTRACT

The production of green hydrogen through the alkaline water electrolysis
(AWE) can generate a sustainable source of energy and decarbonization
solution that will be further improved by the use of renewable energy sources.
The paper tends to investigate the way the operating factors (pressure,
temperature and concentration of electrolytes (KOH and NaOH) Besides the
applied current and voltage effect on the hydrogen production in addition to
energy consumption and purity of produced gas. Experiments were conducted
in the laboratory with a custom electrolysis cell that held stainless steel
electrodes and a variety of concentrations of KOH and NaOH to demonstrate
that the KOH provides better results to the NaOH because of the greater
currents (up to 6 A) and voltages (up to 40 V) produced which lead to larger
amounts of H; (1 It was found that the optimum performance is achieved in a
system at high temperatures of feed 90°C and medium pressure of
approximately 12 bar where KOH concentrations of 20-25 wt% increase
optimal system performance. Systems based on KOH had a maximum
electrolyser efficiency of about 65 percent and the reference system had a
maximum electrolyser efficiency of about 60 % and a power consumption of
about 39.5 kW per kilogram of H, generated. The results of the research which
we reference point towards the fact that AWE design will be simplified in such
a way that it could produce the production system which would be operational
at the low levels of carbon emissions and generate the hydrogen which could
be utilized in the petrochemical and renewable energy activity.
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INTRODUCTION

The energy management programs are currently centred
on the issue of sustainable sources of energy in order to
minimize damage to the environment and still not diminish
future energy requirements. The global energy is still
dependent on the old fossil fuels containing coal and oil
and natural gas. The report of the International Energy
Agency IEA of 2024 states that the world is shifting
towards renewable energy that includes energy sources
like solar energy and wind energy and hydro electric
energy and geothermal power plants. The evolution of
hydrogen has enabled it to be a diversified source of
energy that can be utilized in any energy need according
to the fact that hydrogen is efficient in generating high
energy output because it generates clean combustion
(Encyclopaedia Britannica n.d.; U.S. Department of
Energy n.d.). One of the most significant methods of
hydrogen production is electrolysis as it is based on the use
of electric current as a method of separating water into
hydrogen and oxygen relying on the proven technology.
Through the process, organizations are able to create high
quality hydrogen through the assistance of hydrogen
manufacturing by using environmental energy sources
U.S. Department of Energy n.d.; National Renewable
Energy Laboratory n.d. The following are the objectives
of the study; to streamline the electrolysis process by
experimenting with the different parameters of voltage and
current density and the kind of electrolytes used and to
research on the performance of alkaline and acidic
electrolytes of the solution and also to conduct
experimental tests to obtain a data of hydrogen production
and energy efficiency of output of the solution in various
operating conditions. The study aims at establishing
hydrogen generation techniques that are going to sustain
utilization of environmentally sustainable energy systems
as stated by the U.S Department of Energy and National
Renewable Energy Laboratory.

The global warming of the climate due to man such as
burning fossil fuels whereby greenhouse gases are released
to the atmosphere is also the climate issue. These gases
trap the heat in the atmosphere, thus the increase in heat
on earth, green hydrogen is a clean source of energy that
would never lead to the emission of greenhouse gases
during production or consumption. The process of creating
green hydrogen is done by means of electrolysis whereby
electricity is utilized to separate the water into hydrogen
and oxygen. As the electricity which is utilized in the
electrolysis process is of renewable origin, say a solar or
wind energy, then the hydrogen being generated will be a
wholly clean fuel. The connection between the climate
issue and green hydrogen is that the hydrogen can be a
viable option to minimize the greenhouse gas emissions
and fight against the issue of climate change. Green
hydrogen can be applied in different ways The deployment
of green hydrogen could help in changing the world
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economy to a low-carbon economy, which will help in
mitigating the effects of the climate change.

MATERIALS AND METHODS

The section presents a detail of the materials, experiment
set up and the research methods employed in the study of
hydrogen production through electrolysis of water. The
paper has assessed the efficiency of the production of
hydrogen under the varying operating conditions by
experimenting on different current and voltage and
concentration of electrolytes and reaction time parameters.
The tests were carried out in the laboratory conditions with
the alkaline electrolytes that comprised potassium
hydroxide (KOH) and sodium hydroxide (NaOH),
commonly used in the alkaline water electrolysis systems
due to their high ionic conductivity and stability of
operation (National Renewable Energy Laboratory
[NREL], 2024; U.S. Department of Energy [DOE],

Materials

Electrolysis experiments have been conducted with the
help of different laboratory materials and equipment. The
primary choice made by the researchers was to use
distilled water as the primary solvent due to its high purity
level that would avoid impurities interfering with the
electrochemical reactions that would give false
experimental results (Abdel Rahman, 2008; Gad, 2009).
Due to the fact that sodium hydroxide (NaOH) and
potassium hydroxide (KOH) offer high ionic conductivity
that is frequently used by the industrial facilities in terms
of their alkaline electrolysis systems, alkaline water
electrolysis systems run with these compounds as
electrolytes (Dubouis and Grimaud, 2024; Kumar et al.,
2022.

Their electrode material was stainless steel 316, due to its
excellent corrosion protection and high mechanical
strength and supports hydrogen evolution reaction which
takes place under alkaline environment (Lavorante et al.,
2016; Olivares-Ramirez et al., 2007). Electrolysis cell
joins the cathode and anode to the power supply using
electrical wires. The laboratory members utilized glass
beakers and conical flasks and graduated cylinders and
stirring rods and plastic containers to prepare the
electrolyte solutions and know the volume of hydrogen
produced.

The resulting distillation water that was obtained was of
high purity, and the constant conductivity environment
was achieved through the employment of distillation
equipment used to acquire the demanded distilled water to
prepare solutions of electrolytes. The distillation apparatus
comprised of in the experiments is depicted in Figure 1.
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Figure (1): Distillation device

The electrodes used in the electrolysis cell were also made
of stainless steel and this is shown in Figure 2.

Figure (2): Electrode materials stainless steel 316

Besides, other related electrical equipment is also present
in the experiment set-up as it is illustrated in Figure 3
shows Electrical devices used and laboratory containers
and glass equipment.

Figure (3): Electrical devices used

Experimental Setup

The experimental equipment was a cell of electrolysis
which was connected to a variable DC power supply. The
applied voltage and current that was needed in the
electrolysis process were controlled with the power
supply. These experiments dealt with electrical parameters
and to measure it, electrical measuring devices (ammeter
and digital multimeter) were watched.

The electrolysis cell was used as testing equipments when
the stainless-steel electrodes of the electrolysis cell were
immersed into the electrolyte solution that had KOH and
NaOH dissolved in distilled water. Electrochemical
reaction began as direct electric current was passed
through the electrodes that led to a break in the molecules
of water into hydrogen gas in the cathode and oxygen gas
in the anode (U.S. Department of Energy [DOE], n.d.;
National Renewable Energy Laboratory [NREL], 2004).
The electrolyte solutions of concentration in the test
solutions were the problem solutions to the experiment.
The ready electrolysis solution of both KOH and NaOH
are presented in Figure 4. KOH and NaOH solutions KOH
and NaOH solutions were used as electrolysis media.

Figure (4): Electrolysis media for KOH and NaOH

The entire system of electrolysis applied in the production
of hydrogen is available in Figure 5. Experimental set up
for H, production using electrolysis cell, and demonstrates
the layout of the power supply, electrodes and the location
of the electrolyte.

Figure (5): Electrolysis media for KOH and NaOH
Simulation Model

Aspen Plus model simulated an AWE plant by
thermodynamic equilibrium and mathematical equations
that were represented in Figure 6. The experiment held
some parameters of cell design in which KOH/NaOH
electrolytes were run at 40°C under different pressure
conditions. Errors with literature to obtain measurements
of power (kW/kg Hy) as well as efficiency (3: etc. = 65
percent) remained under 6 percent in the validation
process.
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Table (1): KOH model results validation with reference.

Parameters e Vel Error
result Ref.
Power per KW/kgH, 39.5222532 42 5.9%
i 0,
Water conversion % 97.5% 99 7% 23%

(faradic efficiency)
Temperature °C 40.0 40.0 0.0%

Performances of an
electrolyzer %

65% 60% 7.7%

Table (2): NaOH model results validation with reference.

Parameters NaOH 18 Error
Model result | Ref.
Power per KW/kg H2 39.5686465 42 5.8%
i 0,
Water.conv-er-smn % 97 5% 99.7% 2 3%
(faradic efficiency)
Temperature °C 40.0 40.0 0.0%
Performances of an 65% 60% 77%
electrolyzer %

Preparation of Electrolyte Solutions.

Dissolution of the measured quantities of potassium
hydroxide (KOH) and sodium hydroxide (NaOH
dissolution in distilled water produced electrolytes. The
right salinity of the solution was prepared by weighing the
electrolyte salts in masses in an electronic balance with a
weighing capacity of 200g of the electrolyte.

To investigate the effect of concentration on the
production of hydrogen, four concentrations of each type
of the electrolyte solutions were made. The concentrations
under test were:

e 10gL
e 15gL
e 20gL
e 25g/L

The ready solutions were stirred to produce homogeneous
distributions of the electrolyte in water and then the
solutions were added to the electrolysis cell.

Measurement of Hydrogen Gas

The displacement of water was obtained to measure the
generated amount of hydrogen gas during the electrolysis
process. The hydrogen generated at the cathode was
gathered in an inverted graduated cylinder in a water bath
in this method. Because Hydrogen gas accumulated in the
cylinder; it made the equal season of volume of water to
move out of the cylinder and the volume of hydrogen
generation could be determined.

The method is commonly used in conducting electrolysis
because Hydrogen is a gas which is not colored or smelly
and therefore, it is difficult to quantify. The displacement
of the amount of water may serve as a good measure of the
speed at which the hydrogen is generated during the
electrolysis process.

Solution Properties Measurement.

To identify the properties of the electrolyte solutions that
were used in the experiments, pH and electrical
conductivity measurements were conducted.

PH meter was utilized to sample PH in KOH and NaOH
solutions to understand the extent of alkalinity of the two
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solutions. Another factor that leads to the efficiency of the
electrochemical process occurring in the electrolysis of
water is the electrolyte alkalinity.

The conductivity was checked with the help of a
conductivity meter which included a probe that was
inserted into the solution of the electrolyte. The values of
conductivity were in microsiemens/centimeter (uS/cm).
Their conductivity is high and this enhances the flow of
ions in the electrolyte and this intensifies the production of
hydrogen.

Operating Parameters Categorized.

The experiments aimed at examining the impact of various
operating parameters on the efficiency of hydrogen
production. The essential parameters to be experimented
on were, applied current, applied voltage, electrolysmic
time and electrolyte concentration.

A current was changed between 1 A and 6 A to determine
its effect in the hydrogen production rate. In general, an
increment in current results in an increment in rate of
hydrogen generation since it results in faster
electrochemical reaction rates. This was also varied in
applied voltage which was taken to be 15 V and 40 V to
determine the impact of the same on the electrolysis
process. Hiking up of the degree of voltage has the
potential to boost production of hydrogen but may also
boost energy consumption. Another parameter of the
experiments was electrolysis time. Measures of Hydrogen
production were made at various time intervals between 2
and 7 minutes so as to ascertain how the electrode
remained stable as well as the rate of hydrogen production
in time.

The analysis was performed through an examination of the
effect of the KOH and NaOH concentrations on the output
of their experiments. Alteration of ionic conductivity
caused by the changes in the concentration of electrolytes
in turn causes changes in reaction rates of electrochemical
reactions that define the effectiveness of a hydrogen
generation by alkaline water electrolysis systems
(International Energy Agency [IEA], 2022; U.S.
Department of Energy [DOE], n.d.; National Renewable
Energy Laboratory [NREL], 2024).

Researchers built a unique electrolysis cell which used
glass together with stainless steel 316 electrodes as its
main materials. The authors prepared all the electrolyte
solutions using distilled water since they did not want to
include impurities that would interfere with the
electrochemical reactions. Two alkaline solutions that
were experimented on by the researchers were NaOH and
KOH that had five different concentrations (5, 10, 15, 20,
and 25 g/L).

The electrodes were attached to the variable DC power
supply enabling them to administer current between 1 A to
6 A and voltage between 15 V and 40 V. All laboratory
experiments were done by the researchers at room
temperature between 25 °C and 27 °C and at 1 bar of
atmospheric pressure. To determine the volume of
hydrogen gas by the water displacement technique, the
researchers applied the method of determining the volume
of the hydrogen gas using an inverted graduated cylinder
which they immersed in a water bath. The researchers
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measured electrical conductivity and pH of all solutions
(electrolytes) using calibrated meters before and after each
experiment. The scientists did three experiments on each
of the experimental conditions to confirm their findings.
The researchers varied the electrolysis time to 2 to 7

conditions (1 bar and 25°C). The results show how
efficient KOH-based systems perform when they operate
under simulated test conditions.

Table (4): The result of simulation NaOH model in aspen
plus.

minutes.c items value Units | Value | Units
NaOH feed 1.00 kmol/hr | 20.00 | kg/hr
Anod H20 Feed 55.51 kmol/hr | 1000.00 | kg/hr
wo ] Ha product 5453 | kmol/hr| 113.31 | kg/hr
| Oz product 27.32 kmol/hr | 871.34 | kg/hr
Power required 4333.61 KW
Power per Kmol Hz | 79.46979043 KW/Kmol Hz
H> product 1348.189928 m’/hr at 1 bar
| and 25 °C
) _ Power perm®* H2 | 3.214387951 KW/m?® Ha
Figure (6): Process flow sheet of alkaline electrolytes Power per Kg Ha 3824522685 KW/KgH,

membrane plant to production of hydrogen.

Process flow diagram explains the way the alkaline water
electrolysis plant runs based on its Aspen Plus simulation.
The flow diagram depicts the prime areas of the system
such as the cathode compartment (green) the electrolysis
stack (blue) and the anode compartment (red). This system
delivers water into the system by pumping and it is mixed
with reused electrolyte and put into the electrolysis stack.
Hydrogen is generated at the cathode side and oxygen at
the anode side. The simulation entails gas-liquid
separation separators and gas cooling systems, and waste
material return systems which maintain the electrolyte
levels and increase the overall working performance.

Table (3): The result of simulation KOH model in aspen plus.

items Value Units Value | Units
KOH feed 1.00 kmol/hr| 20.00 kg/hr
H>0 Feed 55.51 kmol/hr| 1000.00| kg/hr
H> product 54.60 kmol/hr| 113.23 | kg/hr
Oz product 27.32 kmol/hr| 872.60 | kg/hr

Power required 4334.28 KW

PP‘I)ZW“ per Kmol | 74 3620302 KW/Kmol H»
H: product 1352.00522| m’/hr at 1 bar and 25 °C
Power per m® Ha | 3.20581838 KW/m? Ha
Power per Kg Ha | 38.2799675 KW/Kg H2

The table above presents the detailed material and energy
balance results for the alkaline water electrolysis plant
using KOH as the electrolyte. The simulation was
performed with a feed of 1.00 kmol/hr (20 kg/hr) of KOH
and 55.51 kmol/hr (1000 kg/hr) of water. The process
produced 54.60 kmol/hr (113.23 kg/hr) of hydrogen and
27.32 kmol/hr (872.60 kg/hr) of oxygen. The electrolyzer
needed 4334.28 kW of total power which resulted in
specific energy usage rates of 79.39 kW/kmol H. 3.21
kW/m? H: and 38.28 kW/kg H.. The volumetric flow rate
of hydrogen produced was 1352.01 md/hr at standard

The table gives the specific results of material and energy
balance of the alkaline water electrolysis plant with KOH
as the electrolyte. The feed used in carrying out the
simulation was KOH 1.00 kmol/hr (20 kg/hr) and water
55.51 kmol/hr (1000 kg/hr). The process produced 54.60
kmol/hr (113.23 kg/hr) of hydrogen and 27.32 kmol/hr
(872.60 kg/hr) of oxygen. The total power of the
electrolyzer was 4334.28 kW that translated to 79.39
kw/kmol H; 3.21 kW/m® H, and 38.28 kW/kg H,. At
standard conditions (1 bar and 25 °C), the volumetric flow
rate of hydrogen produced was 1352.01 m%/hr. The results
reveal the level of efficiency of KOH-based systems on
simulated test conditions.

RESULTS AND DISCUSSION

Results

The section contains the experimental findings and the
simulation findings that were derived through hydrogen
production experiment and Aspen Plus model. The data
show the influence of the basic operational parameters that
comprise applied current and voltage and the
concentration and temperature and pressure of electrolytes
on the hydrogen production and the performance of the
system. The researchers examined the experimental
findings and also the simulation findings in order to
research on the electrolysis process and to find the optimal
operating parameters.

Experimental Results

The researchers experimented with different operating
conditions such as the current setting, voltage and duration
of electrolysis and the concentration of electrolytes to
establish how they affect hydrogen production. Two
alkaline electrolytes were used in the experiments, namely
potassium hydroxide (KOH) and sodium hydroxide
(NaOH) since the substances are the main electrolytes to
be used in the electrolysis of alkaline water as they are
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capable of conducting electricity and remain stable in
alkaline conditions (National Renewable Energy
Laboratory [NREL], 2024; U.S.

The outcome of the experiment indicated that the effect it
had on hydrogen production increased the more current
and voltage was used. Increase in electrical input is known
to speed up the rate of rate of electrochemical reactions
occurring at the electrode surfaces and result in increasing
the rate of decomposition of water into hydrogen and
oxygen. However, it was also found that the kind of
electrolyte plays some role too in determining the
production efficiency of hydrogen.

The Figure below 7 Effective of Applied Time vs Applied
Current demonstrates the effect of applied time as opposed
to applied current at a constant voltage of 15 V at an
applied concentration of 5 g /inter concentration of NaOH
in water. The figure proves that rate of hydrogen
production increases almost proportionately with time and
current. However, ionic conductivity is also limited by the
comparatively low concentration of electrolytes, hence the
volumes of hydrogen go smaller than in the case of high
concentration of electrolytes.

——H: Collec. mlat 15V ———H: Collec. ml at 20 V' H: Collec. ml at 25 V
———H; Collec. ml at 30 V H: Collec. ml at 35 V H: Collee. ml at 40 V
150
2 3 4 5 [
" Applied Time (min)

Figure (7): Effective of Applied Time vs Applied Current
with electrolyte concentration is 5 g NaOH/liter water and
Constant voltage 15 V.

Further experiments carried out on solutions of NaOH at
elevated concentrations Figure 8 indicated that an
increased current leads to increased production of
hydrogen that begins to level off with increase in
electrolyte concentration above approximately 15 g/L.
This trend means that NaOH solutions are saturated such
that further increase in electrolyte concentration does not
considerably promote the generation of hydrogen.

4 ——HICollec mlat2A =——=H2Collec. mlatd A ——=H2 Collec. Mlat 6 A

: Applicd Time min)

Figure (8): Effective of Applied Time vs Applied Current
with electrolyte concentration is 10 g NaOH/liter water
and Constant voltage 15 V.

Vol.8 No. 1 April, 2026

On the other hand, the one, which utilized potassium
hydroxide as electrolytes, was more effective in hydrogen
production. The dependence between Applied time and
current at 15 g KOH/L electrolyte concentration at the
constant voltage of 15 V is shown in Figure 9. Effective
Applied Time vs Applied Current with electrolyte content
of water is 15 g KOH/liter water and Constant voltage 15
V. The findings demonstrate that there is a substantial
growth in the hydrogen production at all the current levels
applied. The highest amount of hydrogen was
approximately 145.15 mL and this was a very large
amount, when compared with the amounts that were
recorded as a result of using NaOH when operating under
the same conditions.

@ H2collect. mlat2A & H2collect. miat4A 4 H2 collect. ml at 6A
80
ol e d
" [P
=
R
E w0 e
3 &
E - ————e——0
o~
20 —
* —
0
0 2 4 6
Applied Time ( min)

Figure (9): Effective of Applied Time vs Applied Current
with electrolyte concentration is 15 g KOH/liter water and
Constant voltage 15 V.

These results indicate that KOH electrolytes have better
conductivity and reduced resistivity, thereby promoting
ions flow more easily and reaction of hydrogen evolutions
faster. Therefore, KOH electrolytes show an improved
electrochemical performance as compared to the NaOH
electrolytes in alkaline electrolysis reactions.

Simulation and Sensitivity Analysis

Besides the experimental study, simulation analysis was
done by applying Aspen Plus to determine the
performance of the alkaline electrolysis system under
various operating conditions. The impact of the
concentration of the electrolyte, pressure and temperature
on the power consumption and efficiency of hydrogen
production have been examined on the basis of the
simulation results.

Figure 10. The correlation of concentration of potassium
hydroxide (KOH) in mass percentage and the power
requirement illustrates the correlation between the
concentration of potassium hydroxide and the power
requirement. The results indicate that the more the KOH
concentration, the lower the amount of electricity required
to generate hydrogen. The concentration of ionic
electrolytes increases ionic conductivity that decreases the
internal resistance within the electrolysis cell and,
therefore, decreases the energy use.
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! KOH conce V.8 powerreq !

1] 2 4 6 a8 10

[KOH mass it |

Figure (10): The relationship between the concentration of
potassium hydroxide (KOH) by mass percentage and the
corresponding power requirement.

Figure 11 Relationship between Temperature of feed
stream with power required. The figure below
demonstrates how the temperature of the feed stream
influences the power demand.

The simulation outcomes prove the fact that there is a
significant reduction in the required power when the
temperature rises between 10°C and 90°C, and the
decrease is approximately 80 kW. High temperature
enhances the rate of reaction, ionic mobility of the
solution, reduces the quantity of energy required to
activate reactions as well as the overall effectiveness of the
electrolysis system.

Figure (11): the relationship between of Temperature of
feed stream with power required.

The simulation analysis revealed that the highest cause of
the voltage losses in the electrolysis system is the
activation overpotential. The kinetic constraints of the
electrochemical reactions on the electrode surfaces are
identified as activation overpotential and this plays a major
role in determining the energy efficiency of hydrogen
production systems. That is why optimization of electrode
materials and operating conditions can have a significant
contribution to the elimination of energy losses and
enhancement of the work of electrolyzers.

Discussion

With the help of the experiment and simulation, it is
continually observed that alkaline water electrolysis
(AWE) with potassium hydroxide (KOH) used as the
electrolyte is more efficient in the generation of green
hydrogen than when sodium hydroxide (NaOH) is used as
the electrolyte. This advantage can be heavily attributed to
the fact that at given concentrations in solution, ionic
conductivity of KOH is higher, which can be explained by
the smaller hydration radius and higher mobility of K ions

compared to Na ions, faster ion conductivity and reduced
resistance to the solution (American Chemical Society,
2023; International Energy Agency [IEA], 2022; U.S.
Department of Energy [DO Accordingly, when using
KOH solutions, overpotentials are reduced and hydrogen
yields increase throughout a large span in applied currents
and voltages. In fact, as an illustration, in identical
conditions of operation, considerably more hydrogen was
collected using KOH as compared to NaOH. NaOH on the
other hand showed decreasing returns beyond a solution
strength of about 15 g/L and this may happen due to
saturation effects and reduced conductivity of NaOH
towards stronger concentrations (Hydrogen Council, n.d.).
The influence of the pressure on the overall efficiency of
the system is also good though not as much as the one it
exerts on the decreasing of the bubble effects of gases on
the surfaces of the electrodes. The small minimized bubble
size is assisted by the increased pressure, the bubble
separation is boosted, and the coverage of the bubbles is
minimized, which leads to the reduced ohmic resistance of
a gas void fraction on the electrolyte. Such suppression of
bubbles has a minor impact on the reduction in specific
energy consumption and is in line with the literature on
enhanced bubble kinetics under moderate pressurized
conditions (DOE, 2022; IEA, 2022). Still, the pressure
drops should be moderate as the pressure difference
between half-cells might lead to an increase in the intensity
of the diffusion and convection of gases and,
consequently, a reduction in the purity of hydrogen and a
threat of safety hazards because of the possibility of the
existence of explosive mixtures of hydrogen /oxygen. As
the simulation outcomes indicate, it will not be necessary
to be purer than 99 percent of moderate-level system
pressure of about 12 bar and additional separation or
recombination may be necessary (DOE, 2022:
International Renewable Energy Agency [IRENA], n. d.).
The activation overpotential was also discovered to cause
voltage loss in the experimental AWE system especially in
the low to moderate current densities. This impact is
correspondingly related to the kinetic restrictions of the
hydrogen evolution reaction (HER) and oxygen evolution
reaction (OER) on non-precious electrodes. The electrode
surface charge transfer barriers observed give rise to
activation overpotential and are exaggerated due to gases
in the presence of blocked active sites. KOH
concentrations of 2025 wt.%, an increase in the feed
temperature (up to 90°C), and moderate pressure that can
contribute to the optimization of the reaction kinetics,
mass transport, and the residence behavior of the bubbles
are such strategies (DOE, 2022; IEA, 2022).

The overall response of the experimental results was
similar to that of the Aspen Plus simulation models with
variation of up to 6 percent in both power consumption and
efficiency. This is to the credit of the thermodynamic and
electrochemical assumptions made in the model. Overall,
these findings confirm how good KOH is in AWE and
highlight how alkaline electrolysis systems can be
promising to supplement the intermittent renewable
energy sources, such as solar and wind to generate low-
carbon hydrogen and reduce greenhouse gas emissions in
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the energy and petrochemical sectors (IEA, 2022; IRENA,
n.d.; U.S. Department of Energy, n.d

CONCLUSION

This paper has demonstrated that the optimum
performances of the alkaline water electrolysis which
involves the use of KOH with the concentration of 20-25
wt/l, high operating temperature (up to 90 o C), moderate
operating pressure (up to around 12 bar) and techniques of
minimizing the activation overpotentials yield a high
overall efficiency (65) and a higher rate of hydrogen
generation than the approach which KOH has been
strongly proposed to be the option of all superior
electrolytes on the basis of its high ionic conductivity,
reduced saturation limits and enhanced response to
parametric changes.

The results confirm the combination of experimental
results with Aspen plus simulation of predictive
optimization, which provides a solid foundation to enlarge
green hydrogen production with less energy usage and
environmental impact. It is recommended that future
research should pay more attention to the long-term
stability of electrodes under the pressurized conditions,
better approaches to the bubble control (e.g., pressure
oscillations or modified electrodes) and full
decarbonization of the system in connection with the
renewable energy sources to be further increased in the
economic  feasibility and support the global
decarbonization agenda.
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